Photoresponsive ion gating function of an azobenzene polyelectrolyte multilayer spin-self-assembled on a nanoporous support.
The fabrication of a polyelectrolyte multilayer (PEM) on a porous membrane was successfully improved by using spin-coating electrostatic self-assembly. Surprisingly, the quality of the PEM film obtained on the nanoporous alumina substrate (i.e., its thickness and surface morphology) was comparable to that of a film deposited on silicon. An optical molecular switch that acts as an ion-gating channel was realized using a PEM membrane deposited layer-by-layer on an alumina support. One of the layer components of this device was a poly(acrylamide) copolymer containing an azobenzene chromophore, which is known to reveal strong voluminous expansion and contraction during light-induced reversible cis/trans isomerizations. The permeability of the bulk SO4(2-) ions was found to be sensitive to the changed channel sizes; for instance, the ion-permeation rate of SO4(2-) increased about 1.6 times after UV irradiation of the PEM, whereas that of the Cl- ion increased only 1.2 times. In the study, it was successfully demonstrated that the ion flow through the PEM membrane could be reversibly switched on and off over several azobenzene isomerization cycles.